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Optical information processing system, components and operat- 
"ing method therefore ~— — i 



10 

The present invention relates to an optical information proc- 
essing system having a plurality of optical transmitters and 
receivers that have ports for interchangeable waveguides, to 
these transmitters and receivers, and to a method for operat- 
ic ing these. In operation, the transmitters of such systems 
generate intensive, mostly coherent radiation, which must not 
escape into free space since it can lead to eye injury. 

Safety devices have been developed which are to prevent emis- 
20 sion of an information signal from such a transmitter if it is 
not connected to a receiver by a waveguide. It is e.g. known 
to interconnect transmitters and receivers of such a system by 
hybrid cables that comprise a waveguide for the transmission 
of the information signal, on the one hand, and an enable sig- 
25 nal line, on the other, by which an enable signal can be 
transmitted from the receiver to the transmitter that indi- 
cates to the latter that it is connected to the receiver. 
Safety circuits at the receiver ensure that the latter gener- 
ates the information signal only if the enable signal is pre- 
30 sent. 

In this way, an uncontrolled emission of the information sig- 
nal into free space can be prevented, but the wiring of such a 
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system is laborious and error-prone if a huge number of trans- 
mitters and receivers must be interconnected. Moreover, hybrid 
cables and their connectors are more complicated, more expen- 
sive and also more delicate than simple, purely optical ca- 
bles. It would therefore be desirable to be able to avoid the 
use of hybrid cables in an optical information transmission 
system. However, if the waveguides and the enable signal lines 
are wired independently from one another between the transmit- 
ters and receivers of the data transmission system, erroneous 
associations may easily occur, in which a receiver is con- 
nected by an optical cable to a transmitter to which it should 
not be connected and to which its enable signal line is not 
connected. If the receiver delivers an enable signal in such a 
situation, emission of the information signal is enabled at 
another transmitter, which, then, might emit into free space. 

The object of the present invention is to provide an informa- 
tion transmission system, a transmitter and a receiver for an 
information transmission system and a method for suppressing 
unwanted emission in such a system, which provide effective 
protection even when waveguides and enable signal lines are 
wired independently from one another. 

The object is achieved by an information transmission system 
according to claim 1, a transmitter according to claim 14, a 
receiver according to claim 15 and a method for suppressing 
unwanted emission according to claim 16. 

By transmitting a coded test signal, i.e. a test signal which 
is specific for each receiver, before enabling the information 
signal, it can be ascertained without doubt whether the trans- 
mitter and receiver coupled by a waveguide are indeed assigned 
to each other. Only in this case the information signal is en- 
abled . 
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It is conceivable to provide at each transmitter a memory for 
storing a description of the specific test signal of the as- 
signed receiver. However, the system is easier to realize, if, 
5 instead, means are provided for transmitting a description of 
the specific test signal of a receiver from the receiver to 
the assigned transmitter. Preferably, this means is the enable 
control line itself; in this way, wiring errors of the enable 
control lines can be excluded. 

10 

In a first embodiment of the invention, each receiver has a 
memory for the description of its test signal assigned to it. 
This memory, which is preferably directly integrated into the 
receiver, can have a value pre-stored in it by the manufac- 

15 turer of the system, which is unique in that system. However, 
it is easier to enlarge the system by additional transmitters 
if the stored description is unique not only within the system 
but for all receivers produced by the manufacturer or compati- 
ble therewith. The huge bit number required therefore in- 

20 creases the time needed for carrying out the method of the in- 
vention. This can be avoided if the descriptions of the test 
signals are not permanently predefined but are assigned dy- 
namically and in a unique way by a central unit of the system. 

25 A second embodiment uses a random generator for randomly pro- 
ducing a description of the test signal for each receiver. 

According to a third embodiment, the uniqueness of the test 
signals can be guaranteed by having a central unit assign an 
30 instant to each receiver at which it may demand transmission 
of the test signal from the assigned transmitter. 

A particularly simple description of the test signal is a 
digital number, from which the test signal can be generated 



simply by coding the number in an optical signal according to 
any coding method, and which is transmitted in appropriately 
coded form in the waveguide. Another possibility is that the 
description of the test signal defines a plurality of instants 
5 at which the test signal changes its level. 

For transmitting the enable control signal and the description 
of the test signal on the enable control line it is sufficient 
if this line can assume two levels. One of these, when con- 

10 tinuously applied, corresponds to the enable signal; while 
transmitting the description of the test signal, the enable 
control line must not assume this second level continuously 
for such a long time that this may be regarded as the enable 
signal by the transmitter. Evidently, another possibility is 

15 that the enable signal level on the enable control line is 
different from the at least two levels used for transmitting 
the description. 

For safety reasons, each transmitter should transmit the test 
20 signal with less average power than the information signal. 
This may e.g. be achieved by forming the test signal from 
short pulses with long time intervals in between, wherein the 
energy of the pulses is not sufficient to cause eye injury. 
According to a preferred embodiment, the test signal is inco- 
25 herent and therefore harmless to the eye, whereas the informa- 
tion signal has the coherency required for achieving high 
transmission rates . 

This may easily be achieved using a transmitter of a two-stage 
30 design with a laser and an amplifier located between the laser 
and the waveguide port. If the laser is operable only in the 
presence of the enable signal, only incoherent spontaneous 
emission of the amplifier can be generated as the test signal. 



A preferred application of the invention are optical switching 
systems for telecommunications, in which the transmitters and 
receivers are located on a circuit board mounted on a back- 
plane, and the enable control lines extend along the back- 
plane . 

Further features and advantages of the invention become appar- 
ent from the subsequent description of embodiments referring 
to the appended figures. 

is a schematic representation of an optical switch- 
ing system comprising a plurality of transmitters 
and receivers according to the present invention; 

is a schematic representation of a receiver of such 
a system according to a first embodiment; 

illustrates the timing of signals on the enable con- 
trol line, the waveguide and within the receiver of 
Fig. 2; 

illustrates a second embodiment of the receiver ac- 
cording to the invention; 

illustrates the timing of signals on the enable con- 
trol line, the waveguide and within the receiver of 
Fig. 4; and 

a third embodiment of a receiver according to the 
invention . 

Fig. 1 schematically shows a set-up of several optical trans- 
mitters 1 and receivers 2 in an optical switching station of a 
telecommunication network. The transmitters 1 and receivers 2 
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Fig. 3 
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Fig. 5 



Fig. 6 



are located on circuit boards that are mounted on a common 
backplane. They all have an identical structure which is 
shown in the Figure in detail only for one transmitter 1 and 
one receiver 2. 

The optical components of each transmitter 1 are a laser 
resonator 3, in particular a laser diode, an optical ampli- 
fier 4 integrated on a common semi-conductor substrate with 
the laser diode 3, through which a waveguide extends from the 
laser diode 3 to an optical output port 5 of the transmitter 
1. The optical output port 5 is a connector, which is engage- 
able with a complementary connector of an optical connecting 
cable 6 . 

The transmitter has an input 8 for an electrical information 
signal and in input 9 for an enable signal. The two inputs 
are alternatively connected by a switch 10 to a control input 
of a driver circuit 11, which controls the energy supply to 
the optical amplifier 4. The enable signal input 9 is further 
connected via a delay circuit 12 to a control input of a of a 
driver circuit 7 which controls the power supply of the laser 
diode 3 . 

At the enable signal input 9, two different signal levels, 
referred to as 0 and 1, may be applied. In the shown position 
of the switch 10, these levels control the power supply of 
the optical amplifier 4 via the driver circuit 11. The delay 
circuit 12 is designed to apply a level of 0 to the driver 
circuit 7 in an initial phase of operation and to switch over 
to level 1 only if this level has been applied continuously 
to its input during a predefined time interval T. While the 
delay circuit provides 0 output level, the laser diode 3 re- 
mains off. When the laser diode 3 is off but the optical am- 
plifier 4 is powered, only incoherent light from spontaneous 



emission of the amplifier 4 can appear at the optical output 
port 5 of the transmitter. This spontaneous emission can take 
two different power levels, according to a signal level 0 or 
1 at the enable signal input 9. 

The signal levels applied to enable signal input 9 are gener- 
ated by a receiver 2 associated to the transmitter 1 and con- 
nected to it by an enable signal line 15. This enable signal 
line 15 is formed by a line on the backplane connecting 
transmitters 1 and receivers 2 . 

Each receiver 2 has an optical input port 16 to which an op- 
tical transmission cable 6 may be connected, and an evalua- 
tion circuit 17. A first example for the structure of this 
evaluation circuit is given in Fig. 2. 

A photo diode 18 of evaluation circuit 17 receives a light 
signal incident at optical input port 16 and transforms it 
into an electrical signal. A decoder circuit 19 connected to 
photo diode 18 for extracting and decoding an information 
signal that may be modulated onto the incident light signal 
is known and will not be further described. The photo diode 
18 further has an amplifier 20 connected to it, which is de- 
signed to provide an output level of 0 when a weak incoherent 
light signal is incident that corresponds operation of the 
optical amplifier 4 at an input level 0 of its driver circuit 
and to provide an output level of 1 upon incidence of a 
strong incoherent signal that corresponds to operation of the 
optical amplifier at an input level 1 of its driver circuit 
11. The output of this amplifier 2 0 is connected to an input 
of a NOR gate 21. The second input of the NOR gate 21 is con- 
nected to a parallel-serial converter 22, which, in turn, is 
connected to a register 23. This converter 22 is triggered by 
an increase of the light power detected by the photo diode 
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18, as will occur when a connection is formed by an optical 
transmission cable 6 between the photo diode 18 and a trans- 
mitter 1 outputting spontaneous emission at low power. I.e. 
if a connection has been formed by the transmission cable 6 
5 between the receiver 2 and an arbitrary transmitter 1, or in 
an initial power-up phase of the switching station, the con- 
verter 22 begins to serialize the data recorded in register 
23 at a given, low frequency. This frequency may be in the 
range of several Hz to several kHz, at maximum. It is se- 

10 lected so that the serialization of the complete data re- 
corded in the register takes no longer than the delay inter- 
val T of the delay circuit 12. The serialized data thus 
reaches the second input of NOR gate 21 and is simultaneously 
applied to enable signal line 15. In this way, the serialized 

15 data controls the strength of the spontaneous emission in the 
optical amplifier 4 of the transmitter that is connected to 
the receiver 2 by the enable signal line 15. If this same 
transmitter is connected to the receiver 2 by the optical 
transmission cable 6, the output signal of the amplifier 20 

20 will be identical to that of the parallel - serial converter 
22, except for propagation delays, and the output signal of 
NOR gate 21 is constantly 0 . An RS flip-flop 24 connected to 
the output of NOR gate 21 is not set, and its D output re- 
mains constant at 1. When the serialization is finished, a 

25 switch 25 is switched over so as to connect the D output of 
flip-flop 24 to the enable control line 15, instead of con- 
verter 22. The level of the enable control line 15 thus con- 
tinuously remains 1, so that after the interval T the driver 
circuit 7 switches the laser diode 3 on and simultaneously op- 

30 erates the switch 10 so as to connect the driver circuit 11 of 
the optical amplifier 4 to the information signal input 8. 

When the optical transmission cables 6 between the various 
transmitters 1 and receivers 2 are installed by hand one after 
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the other, and if an optical connection is wired wrongly, the 
power of the spontaneous emission of the transmitter 1 which 
is optically connected to receiver 2 will generally be con- 
stant, and a non-agreement between the input signals of the 
5 NOR gate 21 occurs when the output signal from parallel - serial 
converter 22 changes its level for the first time. It is also 
conceivable that after a down-time of the switching station 
comprising the transmitters 1 and receivers 2, all optical 
connections are tested simultaneously, since it is not ex- 
10 eluded that these have been modified during the down-time of 
the station. In that case, a plurality of test procedures oc- 
cur simultaneously . 

Fig. 3 shows an example for a possible timing of levels F of 
15 the enable signal line 15, levels P of the spontaneous emis- 
sion on transmission cable 6 and of the D output signal of 
flip-flop 24. While the signal levels sent by receiver 2 on 
its enable control line 15 agree by chance with those which 
the transmitter, which is connected to it optically, receives 
20 from another receiver, the D output of flip-flop 24 remains 
at level 1; however, as soon as there is a difference in the 
levels (which is unavoidable if the data in register 23 of the 
receiver is unique for every receiver) , the flip-flop 24 is 
set, the D output changes to 0, and the corresponding trans- 
25 mitter remains switched off when the test is finished. 

In the simple embodiment of the invention considered here the 
transmitter 1 receives from receiver 2 a description of the 
shape of the test signal which it must generate in order to 
30 prove to the receiver 2 that it is indeed the transmitter 1 
that is intended to be connected to it simply as a sequence of 
signal levels which the transmitter 1 only has to transform 
immediately upon arrival from electrical into optical form in 
order to obtain the test signal to be transmitted on the opti- 
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cal transmission cable 6. Evidently , instead of such a "di- 
rect" description of the test signal to be generated, any 
other appropriately coded form of a description may be used. 
This may be useful in particular if not every enable control 
5 line 15 is formed as an individual circuit line of the back- 
plane but if the several enable control lines share" such a 
circuit line in time multiplex. Such a solution may be indeed 
by desirable because the abandonment of a fixed wiring of the 
enable control lines allows for a more flexible association 

10 of receivers and transmitters. In case of such a solution, 
there is usually no more direct correspondence between the 
levels transmitted on the enable signal line 15 and the tim- 
ing of the optical test signal generated by transmitter 1, 
and the description of the test signal transmitted on the en- 

15 able control line 15 may be coded in any appropriate way. 

Fig. 4 shows a second embodiment of a receiver according to 
the invention. It is distinguished from the embodiment of 
Fig. 2 in that the parallel - serial converter is replaced by a 

20 pseudo-random generator 26 that generates, instead of the 
contents of register 23, a random number sequence and deter- 
mines according to the generated numbers with a pre-defined 
low probability whether it provides a short impulse at its 
output or not. The advantage of this embodiment is that it 

25 can cooperate with a transmitter having a simpler structure 
than that shown in Fig. 1, that has no optical amplifier or 
in which the laser cannot be switched on and off independ- 
ently from the amplifier. By. making the impulses short enough 
and setting the probability of their generation low enough, 

30 the energy content of the impulse and the average power of 
the impulse signal delivered by a transmitter 1 may be made 
so low that in spite of the coherency of the impulses, a risk 
of eye injury can be excluded. The coincidence test shown 
schematically in Fig. 5 occurs in a similar way as in the 
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case of Fig. 3; as soon as the optical test signal incident 
at the receiver 2 fails to contain an impulse specified by 
the random generator 2 6 (or if it contains an additional, un- 
specified impulse) , the RS flip-flop 24 is set, and the opti- 
5 cal connection between transmitter and receiver is identified 
as defective . 

In a third embodiment of the receiver shown in Fig. 6, the 
converter 22 and the register 23 are replaced by a control 

10 circuit 27 which is connected to all receivers 22 of the 
switching station and which, in case of a test of the optical 
transmission cables 6, receives from all receivers 2 that 
have to carry out a test, a request to grant such a test. The 
control signal 27 delivers these grants one after the other. 

15 Thus, it is guaranteed that at a given instant only one re- 
ceiver of the station is testing whether the transmitter to 
which it is connected by the enable signal line is the one to 
which it is also connected optically. In that case, it is 
sufficient for the test signal description provided by the 

20 receiver to the transmitter to specify the instant of a sin- 
gle impulse. If this impulse is received in the test signal, 
the connection is correct, if the impulse is not received, it 
is defective. 

25 



30 



